(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERAT.ON TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
3 October 2002 (03.10.2002) 




llll 



mil 



PCT 



(10) International Publication Number 

WO 02/076830 Al 



B65B 1/04, 



(51) International Patent Classification 7 : 

3/04, 37/00, B67C 3/00 

(21) International Application Number: PCT/US02/09723 
^ (22) International Filing Date: 27 March 2002 (27.03.2002) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

09/818,748 



27 March 2001 (27.03.2001) US 



(63) Related by continuation (CON) or continuation-in-part 
(CIP) to earlier application: 

\j S Not furnished (CIP) 

Filed on Not furnished 

(71) Applicant (for all designated States except US): IRM, 
LLC [—/—]; c/o Sophia House, 48 Church Street, Hamil- 
ton (BM). 



(72) Inventors; and 

(75) Inventors/Applicants (for US only): DOWNS, Robert, C. 

[US/US]; 5795 La Jolla Corona Drive, La Jolla, CA 92037 
(US). WESELAK, Mark, R. [CA/US]; 5360 Ruette de 
Mer, San Diego, CA 92130 (US). 

(74) Agents: QUINE, Jonathan, Alan; Quine Intellectual 
Property Law Group, P.C., P.O. Box 458, Alameda, CA 
94501 et al. (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK LR LS LT LU, LV, MA, MD, MG, MK, MN, MW, 
MX MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, 

zw. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 

[Continued on next page J 



(54) Title: MASSIVELY PARALLEL FLUID DISPENSING SYSTEMS AND METHODS 

35 

"V _ V 



20 



37 



70^ 


0PERAT0R 
INTERFACE 












65-- 


CONTROLLER 










00 
V© 

r- 
O 



39. 



39 



PUMP CONTROL 
BOX 



PUMP CONTROL 
BOX 



PUMP CONTROL 
BOX 



PUMP CONTROL 




PUMP CONTROL 


BOX 




BOX 


PUMP CONTROL 




PUMP CONTROL 


BOX 




BOX 


PUMP CONTROL 




PUMP CONTROL 


BOX 




BOX 



PUMP CONTROL 



PUMP CONTROL 
BOX 



PUMP CONTROL 
BOX 



K 39 



39 



T 



39 



(57) *■»■„«.: Highly — d „„*> «*, ^J^^X^^ 
systems and related methods for performing assorted downstream processes. 

BEST AVAILABLE COPY 



WO 02/076830 



GB, GR, IE, IT, LU, MC, NL, I>T, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML MR 
NE, SN, TD, TG). 

Published: 

— with international search report 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



PCT/US02/09723 

WO 02/076830 

CROSS-REFERENCES TO RELAT^ nt 
rnn021 This application is a continuation in p<ui 

METHOD FOR P Ucation claims priority to and the 

which is incorporated by reference. P 35 UAC § 120 , and 

benefit of this related application, pursuant to 35 U.S.C. § 
15 any other applicable statute or rule. 

[0003] Not Applicable. 

BACKGROUND OFTmKVE™ ^^^ 
100051 Acquiring knowledge of the detarlea aire 
[00051 a q 8 .ttuctnre-based drug development. 

25 of proteins end other macromolecules . central ° st ™ 

S = = = = = = = « 

protein crystallization generally requires a "^j"^^^ ^ typically necessary to 
precipitant*, and other fluids for crystal grown, to occur. I 
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tom anay of varies, ^ « ^ ^ Qf * * 

: different atmosphenc conditions, and the like. 

conducted ^ ** CiyStaUization editions are currently 

conducted manually using skilled technicians Perform.™ u 
10 labor intensive process in narf k u 6ach Screen is ^erally a 

ve Process, ln part, because the different fluid mixtures into which the 
target molecules are deposited must themselves be dispensed, e g in very " 

and nap.odncibffi.y of each acneen „ integraI to ^ Dr J 
_ f t . ""cgrai to the precision and accurarv 

of the screens. Accordingly, there exists a need to automated ■ 
20 increase throughout and t n - , autol ™te the screening process to 

renrod -kT 6 ^ ° f P WCW ° n - aCCUra ^ ^d 

reproducibility of the process. 

[0007] As mentioned, conventional crystallization t„h„- 
require that each test sample to be crystallized h 

fluid mixtures in order , r „ againSt ™> us ^rent 

process, a technician is primarily responsible for measuring mixin* and Hi ■ 
each unique fluid mixture s.,rh . , ran & m »ng, and dispensing 

~ g pr oceaa is „i ghI y su!ceptible „ haman 
-aa^ee^^^^^ Asaconsequen 

anoneoua, unreliable, and non-reproducible reaulu. 
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r0008] Yet another problem associated with screening crystallization 
ta^sc^nsarehrghlyvolaole. Th^v ^^^y 

p^ascteen^— >ar to ^ wdi ^ the different fluids ate 
the time moaned to dep^t ^ ^ ^ chaJlge 

deposited in each well, the volatile fl ^ 

^eseandavanetyofadditiona.feantresofthepteaent.nvennon 
upon complete review of the following disclosnre. 

SUMMARY OF THE WmW*^ fluid d e Uv ery 
[00101 The present invention provides highly auto 

— I—- » — 3180 ' flui d ^turn composidons in me 
>0 dispensing ftom multiple fluid dispensers and tracks related methods are also 
W e lls ofmu>tiwe,l,ates. .addition, v-ouasv^ "^^^ 

ntilizingmesysfemsandmemodsdescnhedhe^u £ ^ 
. put pose including, for example, preparation of mother honor 

25 throughput crystallization screens ^des a fluid dispensing system that 

mntil The oresent invention provides a iuuu i- 
[00111 inepieseu th ,arrav includes at least 

dispenseafluidmtoawellofafirstmnmw p tmi 

« as great as me number o, weBs in two «-» - ^ ^ epart 

^d in these embodiments the fluid dispensers ate spaced an 
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fe*.aro W orcein™ of wells, oa te <* * a line of wells 

Parallel tt a taj^^l*"* ^ "** "» * 

dispensers ,o sintultaneously ^TJ, t T^ ^ * ^ 

- f fl r,™ I 8 UP °" ,hePlate ^ ^ — 

20 6 7 8 o m v mDer S reatert nanorequalto2Ce.E 345 

a differ™, stock sotaaon _ s „ ch J™ ~ r *- «— a different fluid (e.g., 
erganic solution, or the like) fo^proHr^ Precipitant or polymer solution, a buffer, an 

25 fluid dispenser separetelv „,„, „ „ ""^ VOlnmM « "Penally dispensed, each 

about 50u n, ^ SelCCted V ° W *«— *» • and 

JUU Mi- ine linear array of fluid Hicn OM • 

ntnidwe., pfctea a, the sante time. " * " — 

[0013] To illustrate, the adjacent dkn^c 
30 approve distance apart to al.ow the ad^n fl u d T " ° P ' ,0Mlly ^ " 
dispense a fluid int0 ^ ^ Qf , ^ J"*"" » — * 
•hatiapanuiei^aiongitudinaiaxisofr, F °»*™* ™e «ne of wells 

aispensers. In contrast, if multiwe]] plate is 
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oriented such that the line of well, that is parallel to the longitudinal axis of me hnear 
array include, twelve wells, then the linear array comprises a. leas, thirteen tad 
dispensers. For example, the linear array opbonafly includes various numbers of tad 
dispensers (e.g.. a, leas. 17 tad dispensers, a, leas. 25 fluid dispensers a. leas. 33 flurd 
dispensera, e.c). In some embodiments, me Unear array includes 96 tad drspense^ 
[0014] In some embodiments, the fluid dispensing system rncludes an 
array of fluid dispensers comprising more man 12 fluid dispensera aligned with each 
other along a longitudinal axis such that two adjacent fluid dispensers can each 
dispense a fluid into a different adjacent well of a mumwell plate positioned statron*y 
Jerneam the a*ay of fluid dispensers; and a mechanism for moving the array oftad 
dispensers and a muMwell plate positioned undenreath Ure array of .tad dr„ 
revive ,o each odrer in a direction perpendicular to the longitudinal ax,. The flurd 
dispensing systems can include, for example, 16, 24, 48, 60. 96, or more flurd 
dispensers aligned with each other along a longitudinal axis. The flurd 
Jd dispensing system are, in some embodiments, in fluid connection™* a, leas, 
different fluid sources. For example, the fluid dispensers can be in fluid connection 
with S, .6, 24, 48, 60, 96 or more different fluid sources. The fluid dispen™ m 
some embodiments o, ure fluid dispensing system, deliver flurd to wells o, at least tee 
different multi-well plates a. thesame time. Forexamp.e, Ure invenbon provides Amd 
, dispensing systems in which the fluid dispensera can deliver fluid to wells of 3, 4, 5, 6, 
or more different multi-well plates at the same ttme. 

[0015] in certain embodiments, at least a first fluid drspenser ,n the array 
„ connected ,0 a fluid container that contains a flrs, tad and a. least a second tad 
oispenser in the array is connected to a fluid container drat contents a second W« 
5 differs from the ft* fluid. Adjacent fluid dispensers typically dispense duferen, tarda. 
For example, thefimtand secondfluids am independently selected from, e.g., water, 
am* soludon, a buffer, a reagent, a solvent, a sal, solution, a polymer aolubon, an 

inorganic solution, an organic solvent, acell suspension, ormelike. In some 
embodimen.s.atleas.afirs.fluiddispenaerinmearrayiaconueoredroaflmd 

i0 container mat contains water, a, leas, a second fluid dispenser in me array . counted 
t0 a fluid container ma, contains a S a>« soludon, a, leaa, a third fluid drspenser n me 
a™ ,s connected ,o a fluid conlainer mat contains apolymer soludon, and a, leas, a 
fomth fluid dispenser in the array is connected to a fluid container ma, contains an 
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organic solvent. The saItsoIu ion optionally tocludes one or more components selected 
^, e.g., cacodylic acid, CHES, HEPES, citric acid, malonic acid, MES, phosphoric 
acd, acetic actd, a salt thereof, or the like. The po Iym er solution optionally includes 
OTeOT ™^Pon™ts S e.ec^ fom , e . g ., gIyoen>1 , ethylenegiycoUonnatei 
spennine.po.ye.hylenegjycol.ortt.ehke. The organic advent optionally includes one 
or more components selected fro m , e.g., U-propaneoio,, DMSO. methanol, dioxane 
, , »«uo I cedtano 1 ,MP D ,e m anoU S opropa„ oI , OTthelike . „ ^ 

of these aal, so.uuons, polymer solndons, and organic solvents is contained in a, leas, 
one fhud container which is connected to a fluid dispenser in the array. 

ft „ ■, t0C,6] A ' ^ tyPkaBy eaCh ' ° f 11,6 fluid includes 
(0 a fhud condui, (e.g. a flexibie tube or the like).™ fluid communication with a fluid 

source or reservoir, and (u) a puntp (e.g., a peristal pump, a syringe pump, etc.) 
operably connecter, to the fluid conduit to convey fluid through the fluid conduit fan 
ftcfltudsoureetothewellsofthemulflweflplates. to addition, each of the fluid 
dtapensera generally induces a solenoid valve or a piezoe.ec.nc valve <ba, operates in 
coordtnaUon with the pump to dispense selected volumes of fluid. 

[0017] In preferred embodiments, a fluid dispensing system of the 
mvention *. includes a moving element (e. g ., a conveyor belt, eti,) that moves the 
muluwell plates in a direction parallel to a longitudinal axis o, the array of the fluid 
- aspense* (e.g„ in an x-axis direction). Optionally, tine moving element movea 

-verstbly (e.g., either in a positive or negative x-axis direction) at a given time The 
moving element typically has a length of a, leas, n of the muhiwefl plates, wherein „ is 
die number of the multiwel, plate, to certain embodiments, for example, n is a whole 
number selected from the group consisting of 2. 3, 4, 5, 6, 7, 8, 9. 10, or more. In 
> addttion, the array of fluid dispense.* typically includes a support structure that is 
operably connected to a drive mechanism (e.g., a stepper motor, a servo motor, or the 
Idee) that revetsibl, moves tire support structure in a direction perpendicular to a 
direction of movement of the moving element (e.g, to a positive or a negative y-axis 
dmectton a, a given time). Optionally, fluid dispensing systems further include one or 
more cleaning devices to clean the fluid dispense*. Huid dispensing systems also 
opoouaUy include one or more waste ^ ^ ^ ^ ^ 

dispensed from the dispensers. 
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[0018] A fluid dispensing system of the invention generally tether 

^emfly ineiudes control system software and - - 

system software communion with the maohme software and W 

■ r *.™«*tae software. In addition, the machine software typically 

move the movmg element a selected dial . K into 

distance, and dispense selected volumes of funds torn "^^onsLc, A. fluid 
M we,U of the mmtiwefl p.a,es. Optionally «te -~ 

fluidbeingdiapensedbythatfluiddispenser. _ 

10019] As an additional option, the logic instructions direct ^ 

m ulti-weU piase, diapensing selected volumes of a fust fluid «» 

,m«re elected wells in the first row when the tirstnui r 

*— 7 r e tiT^e,,, acuentiaHy advance tire moving eiemen. to 
position a first well ol a seconu support 

„ acuenuafly across die entire firs, and aecond « « ^ „ 
votan es o, a firs, fluid from the first fluid ^ ^ ^ ^ ^ 
». second row when die flrs, fluid dispenser is positioned ahove the se 

7 
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^pensingselected votan.es „f a second fluid tem fte ^ ^ ■ 

above theselected wen. ^ database .ypicaUy inctode, infoImation ^ 
- u.d container «. a, In fluid communication ^ ^ ^ ^ ~ 
5 wellsmto which a selecmd fluid dispenser is to dispense a ae.ee.ed fluid in £Z 

selected fluids thai are to be dispensed into eaeh selected well. 

simultaneou 1 ^T^^^^^'^^^sof 
— -^prodnc i n g n 1 „I ti p 1 e fluidmixturesinmul 

^---"---ontprfsesat.eaatttvofluid dispensers .a, are p^ 

~ - a corresponding wen of a second mulliweH plale when bod, plates 
a, p.aoed heneath the array of fluid dispensers. * some embodiments, the me^ll 
a flutd dispensing system that includes a linear asray of fluid dispense, in which 17 

2 wo ^cent dispensers to simultaneously dispenae a fluid into adjacent „e us of a 
mulnwell plate, and the number of fluid disoensers in ,h. i • 

number o, wells in a line of wells (e , " *" 

( *' or column of wells) of the multiwell olat, 
— PamHel to a longitudinal axis of the nnear array. Tfcenumberof fluid di^ 

n,uU, weUpIateMdxisawhotenum|xrgreaterthano 

- no, „. The methods also include (h) s^nuaHy positioning ^ 
^ of the mulup.e muluweu platea underneath eaeh o„he fluid dis^ m 
add ia o„, m eme t hods,„c 1 ude(e)dispe„sing S elec tt dv 0 ,„ m ea ( eg Lweenlu,, 1 
-1 Pie m„ ttwefl pfc.es when to ^ mi 

~ afcive the selected wel ls ,o simultaneously p.duce me multiple fluff 
m me multiple muluwel, plate, „ prefelTCd embodimenKi J ft 

,„ „ . ' OI m ° re miMd fluids ' 61 ^ embodiments the 
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volumesaredUpensed^d/ordispensingvolumesofw^fluidfamthefluid 
dispenser, into waste confers that correspond m linearly an^yed portions of theflmd 
dispensers. ^ ^ ^ & ^ 

preparing mother liquors in a plurality of multi-well sample plates for, e.g., a comae 
leen or a fine sereen, in a plurafiry o, sample plates. The plurality o, sample plates . 
a^ged witir corresponding columns aligned, tire system including-, (a) a plate 
^gtag area configured to receive me plurality of samp!e plates; (b) a p uratity of 
fluid containers, each fluid container holding a stock solutions; (c) a plural.* of flutd 
dispensers arranged in an array, each fluid dispenser being in fluid communion wrth 
an associated one of the fluid containers; (d) a drive mechanism constructed to 
sequentially position the fluid dispensers in the array directly over each co umn of 
welis in the sample plate; (e) a dispensing mechanism associated with each fiord 
dispenser, and (f) a fluid contioller communicating to the dispensing mechamsm rn 
which the fluid controller directs ae.ec.e4 dispensing mechanisms to dehver a qunnuty 
of each associated mother liquor into each selected sample well in a column before the 
drive mechanism moves the fluid dispenser array to a next column. 

[0022] In preferred embodiments the plurality of fluid dispensers are 
configured so that 2, 3, 4, 5, 6, 7 or 8 sample plates can be beneath the plurality o, flmd 
dispensers a, the same time. The plurality o, fluid dispensers preferably are confer 
soLthefluid dispensers can deliver the material m 2,3,4,5 

a tire same time. Vh^*^*-^™*'?^?***'**'. 
flnid dispensers can dehver me material a. the same time. In one preferred 
embodiment, the system hKhtd^amovingelemen.ma.haaalengmof atlenatn 

; sam ple plates, wherein n is the number of sample plates, wherein each sample pl*e has 
m wells, wherein m is tire number of wells, wherein me system processes a sample 
p,a.e every m dispensings even .hough .he sample plate is in me system for „ times m 
dispensings. For example, the moving element has a lengti, of a. leas, five sample 
pJLs, wherein each sample plate has 96 wells, wherein me system processes a .ample 

0 plate every 96 dispensings, even though me sample plate is in the system for 480 
dispensings. The fluid conuoUer preferably direcU tire delivery o, the materra, from 
each fluid container .0 each sample plate, for example, tire dispenser controller dtrects 
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the delivery of the material from each of at least eight fluid containers to each of at 
least five multi-well plates. 

[0023] In another aspect, the present invention provides a method for 
^ automatically preparing a mixture in a well of a multi-well holder. The method 
involves the steps of: (a) moving the multi-well holder so that the well is positioned 
below a fluid dispensing device; (b) dispensing fluid from the fluid dispensing device 
mto the well; and (c) repeatedly moving the multi-well holder so that the well is 
positioned below a next fluid dispensing device and dispensing fluid from the next fluid 
dispensmg device into the well until a predetermined mixture is prepared. 

[0024] In preferred embodiments, the plurality of fluid dispensers are 
configured so that 2, 3, 4, 5, 6, 7 or 8 multi-well holders can be beneath the plurality of 
fluid dispensers at the same time. The plurality of fluid dispensers preferably are 
configured so that the fluid dispensers can deliver the material to 1, 2, 3, 4 5 6 7 or 8 
multi-well holders at the same time. The plurality of fluid dispensers may be' ' 
configured so that all of the fluid dispensers can deliver the material at the same time 
In one preferred embodiment, the sample plates are on a moving element that has a 
length of at least n sample plates, wherein n is the number of multi-well plates, wherein 
each multi-well plate has m wells, wherein m is the number of wells, wherein the 
method processes a multi-well plate every m dispensings even though the method 
involves n times m dispensings. For example, the sample plates are on a moving 
element that has a length of at least five multi-well plates, wherein each multi-well 
Plate has 96 wells, wherein the method processes a multi-well plate every 96 
dispensings, even though the method involves 480 dispensings. Preferably, a controller 
directs the delivery of the material from one or more"fluid containers to each sample 
Plate. For example, the controller directs the delivery of the material from each of at 
least eight fluid containers to each of at least five multi-well plates. 

[0025] Finally, in another aspect, the present invention provides a fluid 

fluid dispenser array includes a plurality of N fluid dispensers coupled into a linear 
array. N is a whole number multiple of the number of sample wells in one line of each 
sample plate. Each sample plate includes sample wells organized in a geometric 
pattern. The line may be a row or a column. By way of example, the number of 
sample wells in a line may be 12 and N may be 96. 

10 
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1 e„ gt hfoo«pnn.)of*emu W .weUho.deri S a tl ea S t5.030, 10.060, 

,5.150, 30:iSO, 35.210, 40.240, or 45.270 inches Ion*. 

m(P71 It readily will be appreciated that an aavama 0 

processing operations. 

BRIEF DESCRIPTION ^^^^J^^^^^tion will become 
[0028] The nature, goals, and advantages or tn 
V vn.Hi, the art after considering the following detailed 
more apparent to those skilled m the art after ^ 
, in connection with the accompanying drawings. 
' through *. drawings. * ^ * 

reference numerals identify to»P ^ ^ for 

understood that some or aU of the figures may 
ptoses of iUustiauo, and do not necessanly deptct the actual relaU 
locations of the elements shown. v„,wntof a fluid 

[0029] Figure 1 schematically depicts one embodiment 

dispensing system from a front ^ tom which flnid 

[0030] Figure 2 is a chart that lists yo sroc 

Unearly arrayed dispensing tips disposed over 

lOf^l Figure 4 schematically .Uustrajes a support structu 

. „ Q and 96 svrta „ e pumps from an elevational view 
96 linearly arrayed dispensing tips and 96 syrm 0 e p 

3„ — ua.ypmducing^--"^^ ST— 
r00351 Figure 7 schematically depicts a segmen 



tips. u 
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[0036] Figure 8 schematically shows a methn-w, • • 

5 described here* ■ " ~S <° «- ~ 

DETAILED DISCUSSION OP THE INVENTION 
I. DEFINITIONS 

10 of course, vary It is also to h. h deV1Ces or s ^ems, which can, 

samemeaninaascomm^i , scientific terms used herein have the 

gy will be used m accordance wieh the definitions set ou, below 

» substantia,* straignt J/ ' SPe ° SeK ' ° r te =<* °'«anized in a 

each dlspenJtl: .f' ^ 2 ' ^ " * *" ^ ~* *" 

[0040] A "footprint" refers to the area on a surface covered bv or 
correspond^ tea device cotuponenr or pordou, thereof. For «JTt , 

— «■ flUid *«— dps o, the fluid d, ■ 

typically coirespond to fer fi.i„,„ .u , ma<ns P OTSe K)of the invention 

0( '- 8 - fi,,B,O ' ma,Ch '^™*-^)we 1 ,sin S elec te d m u U we U 
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[0 041] The ^ "massively p^lel dispel" ref- to |he 

wri, fluids to multiple wells in multiple 

dispensers, each - J ^ „ 

- ^ ^ : % " n „ 96-weU muttiwell pia.es depending upon the 
wells disposed in, e.g., 8 or Yi oincicu 
• orientation of the p.ates relative to the linear atray ^ 
(00421 A well of a muttiwell platen, said to correspond to 

oo^ponds to the well at position Al of a second plat, 

[0043] The term "processed multiwell plate refets 
^fluidmlxttireshaveheendispenseduriii.n^ fluid dispensing system o. 

' taVenti0n ' ^Theterm-t.stsample-appUestoasamp.ethatcontainsa 
second molecule ma, is to he co-crystalhzed wtth the «g 

nation, the crystallization targe, in a test J^^^,,^. 

antibody or fragment thereof, or any c crystaU ization of two 

.ecrys— =^.^.-1 
ormoremoleculesinapte^^ttngcomplexCforexamp ,„ 

25 mo,ecu,einhihitor, i*^--^"-^^ 
experiments can he achieved hy adding the second mol.uie m o * P 

30 complexes between molecules. 
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» achieve massively p^"^' C "~' » « *— 

eiyparauelflmdispensmg as described he K in. Some of the,, „,h 

Mavl6 2nnnt rt Tic^ , LJi^ftasblNG, which issued 

po^ T ' SOM ^-' WWChiSfaC ~^^-e i „ itS e n U retyf o IaI1 



purposes 
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microcrystallization processes Th Pm * r s Ior coarse ^or fine screen 

=======& 

muitiwell plate (e.g., plates with 6, 12, 24 48 384 i iL 

other substrates. '24,48,384, 1536, or other numbers of wells) or 



20 

other substrates 



25 



30 



each fonvaM st ep, the uaear ^ ^ ^ ^ fte ^ 
*e pla.es. At each step, the conrio! system decides which o, the 96 ~ T 

"2;eii:~ i5cunentiy ~ OTCT - — -r: 

I-taJ^ITb 0min ~ lyfflyCOmbto ^ofvoWso„eeaae 
part.au ar p , ate had ^ T<> ^ 

^p^^-^.o.thea^ct.o.^irr,::^ 

1 vl 
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^ng, and storms flu buffors , ^ solvents, 

fluid dispensing system 20, such as w inoIgaM c solutions, organic 

sal t solutions, polymer soludons, precrpttant soluUons g 
solu^.c^suspensions.or^^amopdonauyd^^ 

e^.tfrneinvenuon. Msnow,. — 

t. ^ ^? and 57-64 are polymers, solutions 
solutions numbered 25-32 and D/ o* f Fxemolary stock 

. . n ^ 65-88 are other types of solutions. Exemplary 
; solutions numbered 2-8 and ^ ^ systems 

u^ic^^^^^^^^J^ eg international 
.dmemodsdescribednereinarealsoprovidedin^ 

• wry nn/7R44.5 nublished December 28 , 2UUO ana in u 
P-,Pu b .icaUonWO0^^ ^ KBHBFCMB AmY 

6,296,673, enuded METHODS Aft ^ ^ ^ 

0 M!CROCRYSTALlEAT I O N S,» 1 ssuedOc.0ber2 2001. 

Certain 

easily prepared by those of skill irom p _ 

25 BioStructures.Inc.CBambnBe^ 

Sigma Chemical Company (St. U>uis, MO) crysta ilization 

to nrenare fluid mixtures for screening protein crysuu 
examples are used to prepare nui ^ for other 

natures, the apparatus and method for preparing fluid mixtures may 

purposes and in other fields. compd ses a plurality of fluid 

r00501 Multi-fluid dispensing system 20 compns f 

30 [005UJJV1 in a SU pport structure or the like), 

dispensing tubes 25 mounted in tune array 23 . ^ ^ ^ _ 

The tube array is anachedto a mbe transport 30 * o em 
m ounten to me tube array 23 in a single row. Drfferent numbers 
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tube array so that the plurality of tubes are aligned with a moving element 50 (e ^ ' 

" » "cular to me direction of movement provid^y * 

movmgeemen.50. Although the moving element 50 and the tube transport 30 *ue 

arrangementsmaybeusedforprovidingsuchremtivemovement Forexamole I 

' controller 65 a ^ ^ 7^ emb0dime, "• W " 30 «— win, 

1ST - — .^uhcorother 

co^ected.oas.para.efluidcontamerorre^birma.c.n^saparUcularstL 
solutton, such as those indicated in Figure 2. The controHer 65 may be fore^, 

mvenuon. The controher 65 is typicaUy opem^ ^ „ operaR)r . P . 
such as a touch-activated n?r rvu j . *«armwnace 70, 

controller 65 T , °" " ed *° -» *• 

controDer 65, such as a keyboard and mouse, and/or a voice-activated system Al„ 
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,0054] in one embodiment, the fluid pumps 37 are adenoid valve 

.a ,„ ,h e tubes 25 which are positive displacement synnge 
tensers ma, am com.ecmd.ome £-» * rf fluid 

communicating with the 96 tubes 25. 

r0055] When configured for protein crystallization growth, fluid p P 

tHatiausedtopmpa.-momethauom dm. - ^ 
chemicals, and other suitable fluids, virmauy 

pumps 37 into tubes 25. ^ tQ 

[0056] Referring to Figures 1 and 3, the tube array 

and fluid is dispensed into the wells 40. P tematively the plates 45 can 

•a .stroller 65 to lower vessels 45 by, for example, 
commumcate with controller a plurality 

or manual arrangements may ue j 

30 detail below. _ tion can be configured to 

r00581 In one embodiment, the present mvcx 

f different stock solution combinations into a plurality of wells 
*spenseamuluplicityof^^ 

located in vessels 45. In one embodiment, vessel 45 cental 
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ranged in eight column md twelve rows, as illustrated in Haute 5 , 
wells Ninl Z • MChVeSSeICOntaWn « 96 «'^40foratotalof384 

uispiayed on the operator interfarv* 7n t„ a- 

P rator mtertace 70. In this manner, a screen to determine the be* 

crystal can be quickly determined. m protein 

15 384wells & " ^>>e the flnids into fte 

384 we,ls, P ro te , n ^ are grown and seiected based o„ the quality of the clw 
ac ordtng to user-deflned c„ ttri , Forexantple, the U 

Wy tsolated and the specific combination and concentra L o, flmTuseTto 
^^-^edhyeonh.Heroo^,^,^" 0 
whtch tsdesenbed helow) and dismayed using operator interface 70. PrefeL I 

each of the 16 fhnd combinations that resuhed in the 16 best crystals 
varianonsof TsT^^^^^"' 24 

one of thf» oa . • B - As 311 example, 

ne of ^ M flne ^ ^ ^ ^ p 

•MP*- of fluidB. Other variations could be5. 2 percen, of MdA-d*. 
P-en, of fluid B or 4.9 percent of fluid A and 95.1 percentof fluid B iTl 

optimum protein crystal. ° ng 311 
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TO. SOFTWARE CONTROL SYSTEM 

*• SSelhty <o - *e 0»io • «»~ *- dta4 heKin iD 

schedule and deSmdon of olographic experiments ,o be performed, the 

V esse,s in which me experiment are physicaUy performed, me abrhty to 

movement of me p.ates in me machine, me abffity to interpret and tra^ae 
1 into dispense volnmes ma. are men dectronically commnmcated to the 
6XP c" ^ransethemachinetoexecnteoneoc^ecompn.rpro^msor 

' B - S^^ceofmeconu.lsystemismati.nsesadatabase.o 

ditect and recol its acdvUie, The database is integral to the operadon of me conho. 

automated, high throughput fashion. 

C. THE MACHINE mmnuter software ("machine 

[0064] The machine is controlled by computer sonw 

^TI allow these single unit — to be combined into a seance of steps that 



19 



WO 02/076830 

PCT/US02/09723 

the machine method. y 

t0065] A person using the machine uses a computer keyboard and 
™c„ mmtmi ca te w ith the machine software. I*e user can use me machine in 

machme software ,o create and execute machine methods. 

' wo„,H , [0066]TOCreateeX ' ,erimenB »^ machine software, me user 
wouid wnte a machine method to dispense a specific volume from each dispense tip 

^^^^P-edpsaspeciftcdistanceacrosamep.ateton.enex.wlu 
dtspense mother specjfic volume ^ ^ ■ 

»u,up,e p.atea concurrent The user wouid need to intetpre. the experiment 
aaaoctated with each plate into me apecific dispense vo.un.es from each dp to he 
dispensed into each well of each plate. 

[0067] For the use of a typical tnicrottter plate with 8 columns, the user 
would enter specific volumes for a tote, of 768 disuses (96 Dps ^ , 
«- *e plates) in the machine method. At the conclusion of the machine method 
* . «r wou d iusttuc, me dispense dp s to relum t0 fte ^ 
the movt„ g element te index forward me distance* <me well position, and refill the 
ayrtnges for each dispense tip from their respecdve fluid container, The user wou,d 
*en agarn mterpre, me experiment associated with each p,ate then on me movinv 
element and modify the 768 dispense vo.umea in me machine method according,; 

usetexterhY T ^ * would be for me user to ■ 

text-edtung software te create an electronic file containing the 768 dispense 
volume, and modify the machine method to obtain the vohtmes from this fiie. Aa t, is 

improvement ° 
[0069] Optionally, the machine software can receive electronic 
communications via a computer network that instruct the machine software to execute 
machine methods. This process will h^r«f a. execute 

prOCeSS Wl11 be referre d to as activating a machine method. 
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D. CONTKOL SYSTEM AND COMMUNICATION WITH THE 

^J^fconrtol systems implemented as computer soft***. The 
contto! system communicates with .he machine software over a computer network. 
This communication may take the form of files or electronic messaging pmtocols. 
Optionally, *e control system cou.d execute on the same computer as the machme 
software without modifying fte meana of communication. The control system 
communis with the machine software to mquest execution of machine methods. 

E ' ^JTtoL*« includes the following information: 

[00721 (1) The list of reagents available for use in experiments that are 
p,umbed into fluid containers attached to the machine and their respective dispense ttp 
assignments. The fluid containers am connected by tubing to the input porta on *e 
Chines syringe pumps. The lis, includes me identities, concen, rati ons, an ^ 
characteristics of the reagents, as well as their current volumes m the flu,d — 
[00731 (2) The definitions of defined experiment templates ( screens ) 
availabte to be performed, identifying the specific reagents, final concentrations, and 

dispense volumes for each plate well. 

[0074] (3) The identities and other attributes of the protein or other 
20 biologic samples that are the objective of the experiments. 

[0075] (4) The list of actual experiments to be performed, .denUfymg the 
proteins and screens, as well as 

performedonthemachine. When known, the identifier (e.g., a barcode) of the plate 
which each experiment is carried out is also stored. - 

mo ,e experiments. When the scheduled date/time for a group of experiments arnves, 

th e gro upofexperimentsiseligible«obes.arted. The control system men 

elecLLly signais the machine to inttoduce a new piate (i.e., down suck from the 
30 inpu.pla.e^formefustexperimenttobes.arted.Theconttolsystemmen 

activates a barcode reader attached to the conttol system computer and mads the 

^^-yi— ^ ffl, - ,i " ,wta4,, *; 1 1 : ,, SI 

*. firs, experiment and records the association of tire plafe, barcode to the expenmen, 
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inthcda.ab^.aJongwi.hotepiateandexperimems^sWonnaaon. Thecon.ro! 
system then records the pjate's index position on the moving element in the database 
nns process ia repeated each tune there is another experiment to be started when there 
ta room for a new plate on the moving element. A eontrol system option allows for 
mamtaining an inter-piate spacing mat enhances thronghpu. nnder some conditions. 

G. PLATE POSITION TRACKING 

• . [0077] Each time the machine moving element is indexed, the new 

ocation for each plate on, entering, or leaving me moving element is updated in the 
database. ^database is updated with plate compledon information for plates leaving ■ 
lu the moving element 5 

" ^™ TA ™ NOF EXPERIMENTS INTO MACHINE 

[0078] Each time the control system causes the machine software to 
execute the machine metlmd to index the machine moving element and thus the plates 
to the next machine moving element position, the control system analyzes the then- 
cunent position of plates and their contending plate wells in relation to the position 
of each dispense tip on the moving element. For the fire, row of plate wells that are 
altgned win, the dispense tips, the contiol system intetprets each well's experiment 
definttion in the database to determine the contesponding volume tha, is to be 
dtspensed, if any, of the reagent plumbed into (i.e., in fluid communication with) the 
dtspense hp. The process is men repeated for each successive rew of wells, and the 
contrel system men electronically communicates these dispense volumes to the 
maclnne. The control system then electronically communicates with the machine 
mdtcating the dispense volumes for each tip for each row of the then-cutrent plates 
Thta communication takea the fonn of an electronic file that is accessible by me 
machine software and machine methods. The control system then activates a machine 
medrod that dispenses me frie-specified volumes for the fire, row of pIate wells , indexes 
the dtspense tips the specified distance ,o the nex, row of plate we.ls, then loops to 
repeat this process for each row of plate wells. 

[0079] As a part of the process of inteipredng experiments into dispense 
volumes, several quality control and etror checldng functions are performed. 

[0080] If the inteipretations of experiments into volumes results in no 
dtspense requirements for the ctnren, position of plates on the moving element, the 
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, ^machine cycle time and improves throughput by not 

machine method. volume file methodology 

rOOSll An optional alternative approach to the voium 

v e methods for each dispense tip and possible dispense 
would be to create machine ***** ^ ^ ^ ne 

volu me. -.as thee^. 
methods satisfying the dispense tip anu y 

l REAGENT VOLUME t ^ vo lume dispensed 

mnROi Fach time the machine dispenses a rc<* 6 
[0082] fcacn ume ^„*« a ^nt in its fluid container. 

B and when the remainmg volume fans below a fcy 

m ea„ s of a popup message on *e « J ^ ^ ^ ^ ca „ 

notification can also be delayed on an electro P OTOtheI 
, opuonal.ybe^smiuedelecromcany.oapager.cel.phone.em 

electtonic, wireless, ot printed media. 

. SYRINGE VOLtlME TRACKING AND SYRINGE REFILL 

OPTIMIZATION ...v^ntain instructions to refill dispense 

[00S3] Machine methods nonnaliy contam tn 

control system can utilize its know refiUed ^ calculate future dispense 

^ f^m each syringe since last retinea, _ 

volume ^ d f me ^X ^ h next p)M e index to refill me dispensetip 

— "* -* - Z ^ I! it J ourerwTse no, impede machine 

•»-» "* ^ " 6 ^r I srgnificanfiy reduce the machine cycle rime and 
25 throughput. This optimization can signm , 

increase throughput. 
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each plate in the exDerim^ 30 anaIyze ^ ^nse requirements for 

arfng the group ofph.es, resuhmg fa ^ shortest ^ ^ ^ 
5 M - ADVANTAGES 

A>e approach, the macWne memods car, he I 7 f""********™ 
hnea of instrucdons and he re, kT * *~ B "' COntatai "S * *~ 

or machine methods ^1 W " , " >Ut W '° "* «*- -*« 

»o m u, lipl ep Iattsco „ c J*** ^^n-^edtodispense 

^"y-reiediousandeCr;^ P— 
U electronically and interoredns ,„ " eXPerimen ' 

— P-characeriahcaofamann; ^"~**««. 
— ^-en.ofharc^andp^^T ^'^^ 

»— *»— can dispense a mu M p Ucitv of J^T* °" 

concentrations for later testing, e.g„ for protein ^sedhzallOT sere '""■n, 2 "'' 
because a range of fluid oornhh, .« ^ WUaatwn screening. This is useful 

- which conditions wii^e ~ 7""" ^ * *~ * *—» 
-quired to achieve a suital , ' *" "» S ^ 

' -^^^.area^rrrsSr^r^"" 
-edtooneofmehahes. The fluid is then dispe^ ^ "* 40 " 
— 1 45 wefl^frona the aligned dispenser if L« dias^ J am0UnUm0 "* 
step 220 determines wh«h„,v ... W m SK P 2I5 - Next, 

'^^^vessdhsareceivedaflof.hefl.ddaofthespecrflc 
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fluid combination. If all of the requited fluids have been dispensed * nt ° ^ ^ 
W e„40,,heprocessends. However,. agonal*". . 
vessel 45 weU 40, .hen .he vessel 45 well 40 is moved to another tube 25 tn step 210. 

until all of the necessary fluids have been dispensed into the specftc vessel 45 weU 40. 

[0089] Referring to Fibres 3 and 6, another procedure for orspensrng 
•<- *„145 well 40 will be described. Vessels 45 are placed 

wells 40 and different weU 40 dimensions. 

[0090] After the vessel 45 is placed on me movmg element 50, the 

rov:; tet weU4 0i nafrrstrow42 A , n r S ,co,umn44 A . 
dispensed into that specific vessel 45 well 40. If the control 

dispensed into tha, specif, we„ 40, the fluid is dispensed through - « ^ 
[0091] The tube array 23 is men moved by tube transport 30 over one 
, r o ximeters) TOs positions the first mbe25A over a second well 40 m 
rZ,^ "—443. Again.c— « determinea wbemer or no, 

,s, tube transport 30 moves the tube array 23 a distance of 9 mrlUmeters 
necessary, the tube transport m This process 

, 5 thene*tcolunH.44Ca^ 

• a . e d until the first tube 25A has been positioned over each well 40 in the first 
is repeated until tne iirsi uiu x _direction 
.oa „.*.e45 Moving element 50 then moves the plate 45 in tne x 

[009 2] As i Uus«a tt dinF.gure7,firs.mbe25Acoup 1 ed,oUrbe array23 

„ d ni 25B also eoup!ed «o mbe a*ay 23 are positioned over the firs, well 40 
and second mbe 25B dso p ^ ^ rf ^ ( fe 

of the first two rows 42 A and ineprut^uui 

rre"lformef.ra.wen40inrow42Baswena S mefirs.we U „frow42A. 
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ni .c ; smu " aneousiy ' i,necessary ' ■*» fa — *— of 

tube 25B over the next column 44B in the Dkte 4^ tk»^- 

plate 45> 1116 dispensing of fluids then 
^ence S , ifS e Iected , forthatweU40 . ^ - 

*e controUer can dispense up to 96 flui<Js sab ^ „ " ' 

. C2 n ta ; • 40ofeachvessei45 - *™ y 

urepres -~ 4ls ^ U evab k b y h^ tKWc ^ md ^ ows m 
~y ^ ^ of comWnaaons of (o h ^ spMsed ^ ^ 

common and concentmrion of fluids fc ^ wefl ^ ^ fa 

p—r^^ 

process performed by Ac present invention. 

[0094] The arrangement of tubes need not be in a linear arrangement a, 

ma staggered eonfignration or any other anitable configuration 

cleaned [0095] Referring further to Figure 5,Jhe tubes 25 can be periodically 

clewed, e.g., nnsed and dated so thar me concennttions of fluids * 

b*h 80 that contams a suitable rinsing fluid, such as ethano,, deionteed v«e r , or the 
£ For example, me tubes are optionally immersed in the rinse and men moved! 

1 t 7° a 30 10 * e **" 85 ,hat is ™ » ■ — — *>• L 
^^^^^^^ 

««*«. 30. The vacuum s^uroe 90 is turned on by the control 65 ,„ effec, tube 

mixmr k r 96) ° nCeamUltiWel,P ' atehaS ^ nproccsKd < ie --* e ^flmd 
mtxtmes have been produced in selected we Us o, ute muWwel, plate), me plate can be 
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f thefluids The agitation can be accomplished using a 
agitated to facilitate mmng of the fluids, in g 

robot, for example. 

„ „ rlLinforsimul^eous.yprodudngmuMplemo.herUquorsm 
.aethods described herein ^ponents of high throughput 

"K**" 1 ^ r «Iaolurautyor sanpiea, which typically 

taclud es proven ^ ^ ^ o( vessels 

, a.amp.eoanter fe—t nce fennenBd to a processi ng smhou 

„ the carrier, and ™~ * ILed. Additions. detaUs re>atmg to methods, 
where the samples may berunn f 

natent application 
/: fermentation are described m, e.g., u.o. p 
devices and systems for fermentation er 

5 09m031.f.ledF 6 brua r y8,2001and 1 n P o3wwi9WUSi 
Santpio^-^^^^^^Lexan.p.e.cenUifagaaon, 

application entitled Automa inteinat ional patent apphcauon 

20 number 09/780,589, filed ^^ Ua ^ Same," Attorney Docket No. 36- 

001810PC, filed February .8,200-. Sample . tom a fluid dispensing 

syst em,o another processing ^7^,^^0,093,254^^ 
«™,«rtitled''Gripper Mechanism, senainumo 
25 patent application entided o PP Ucation stifled "Gripptng 

Pebmary26,2<X>l,andm«emationalpatentappU opCjflled 

Mechamsms,App^.»^,"A^^ 
„,= inn? Additional details regarding the tennenua 
February 26, 2002. Additio ^ 
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February 26, 2002. Additional detail . .„ samples (or ^.aUizadon 

^ are aiso described in, e.g., ~ ^XoCESSINO STEPS ON A 
ANDAFPAKATUSFORPE^OKMmOM^T^EPKO ^ 

SAMPLE IN A SINGLE VESSEL," Attorney Docket No. 36 
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«* of the muWwell plates ' ~" / *^- n-n ma, as pirates fluids fr0Jn ^ 
sue, as ^ Technologjes _ fcc ^ " «™y fa. 

soluttons ftoa °X ; * e fluid co ~ of 

wiftio one n™„,e, more preferably ^ ,„ "^^ons are sealed 

One diffienhy ^ jn "» -"-J-Otata. 

The^axemanyn,^.....,,. . aym *>*»xn>w aparticular array rapidly. 
» ^-^JT^^-^W-eaarP,. ^didon, 

provided which grips . plate mov ""^taHizarion fas,, a robo, is 

the plate is sealed. L some 3 " W ^*" li **" 

SO of *= pia ,e, have «he robo , T" * " *" *" * 

«ta is often t00 lon2 Jl * ° ^ »"«" *• ^ « the nex, 
oeiiophane alt 2 s^ " » — •» 

crysuUlfearion platform f, 3 Mervoir Md a 

» reagen, maervmr u> a selected weU of a pleased 
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- m-««iqp astern (e) dispensing an aliquot of a test 

crys „ P ^ ^ M4 ^ 0( W onto .he 

dispensing selected volumes ot tne a P Sensed fluid mixture is 

, pi^w^e^a^^ 

p la ce4 in contact with the ahquo, of the test samp.. • ^ ^ 

/AMimwBh (ft for additional test samples, if any, ana W s 5 
^^^^eUpL^a — pUteseahng system. * addition, <he 
• ofmeprccesserimumw ^ md between the massively 

P-e-a — P^' 5 ^*^ 0 „se system, the.es. sample 

d « Tt T toll emboli, (d, .hrough (h, are .ypically 
apparatus (described above). Inflreseembo plM e, which 

completed without having the gripper S ^^^^^^^^^ ^ positional accuracy 
^herincreaaeameut.oughptuofmeoveranp^mr 

15 of pla<e location, and minimizes evaporanon, as descnbed above^ yp 

(e,^.^----— ^^^enp^ofO.) 
20 embodimenta generally aUo rnclude W « P ^ 

samples and the cryswuiz.au. — re 

, *u m.ii more tvpically less than 1^1, and still more 

25 typically less than 750 nl (e.g., less uio» 

and about 250 nl). i„*„ctr, the realization that 

(0102] in another aspect, «us invenuon relates to the reab 

„,h„rliouor and protein solutions interferes with the two 

S o,urions m x.ng.A S aras« P^ OM to, deUvers the pro K in 

30 protein and mother hquor to nux. Specmc y . ^ 
soM o» anddrendeUvers memo m erU q uor S o urion. 

a series of smaller volumes. The series oi 

90 
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to fom mixto foBowinB . „ " bemg * dded 10 P">tem solution 800 

dispensed such tijl j f T ^ ~ "» " "*™«— * 
» ^^l^^^^^-^^^-utio, 

oau be ^cticeZ^lT " 

» :r,:rrr s,ha,Mow - ---~or~:r 

ices descnbed » National Patem Pu,,^ wo 
December28,2O00andinUS Pat No . published 

^^--ti.a.va.ou^^^ " 
depa*„ gfromthetnMscopeo aJT. K 

^■P-'^ations.o.c^^^^^^^ 005 - 
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WTTATISC TATMEDIS; 

1 A fluid dispensing system that comprises an array of fluid 

• coc at two fluid dispensers that are spaced at 
dispensers, wherein the array compnses at least two P 

----- — r::-::z 

multiwell plate and a corresponding well ot a secona 
are placed beneath the amy of fluid dispensers. 

2 The fluid dispensing system of claim 1, wherein each fluid 
uispenser separably dispense, selected volumes between I n. and 500 pi. 

3. The fluid dispensing system of claim 1, wherein each of the 

•„,s 11 24 48 06,384, 1536, or more wells, 
multiwell plates compnses 6, 12, to, »°. 

4 The fluid dispensing system of claim 1, wherein: 
the number of fluid dispensers in me array is at leas, as great as the 
number of wells in two lines of wells of a single multiwell plate; and 

tire fluid dispense, are spaceti an appropriate distance apartfrom on 
^ermsimultanenuslydiapenseafluidmto wens of multiple multiwellpla.es when 
die pla.es are placed nndemeam the fluid dispensers. 

5 The fluid dispensing system of Cairn 1, wherein the army of fluid 

flu d dispensers ma. am spaced a. leaa. a sufficient dfsrance spa,. <o ? 
tfspense a fluid into a wefl of a firs, multiwell pla.e and a ™^ 
Jondmuluwell plate whenboth plates are placed beneatir me arrayofflutd 

dispensers. 

6 Thefluiddispenaingsyatemofclaiml.whereinmearrayoffluid 

25 & —TSZr^^ roffluidmspensemt.tisg^ 
ti.unmenumberofwefsinalineofweuaofasinglemultiwellpla.e.whemmurehne 

of weUs is parallel .o a longimdinal axis of me linear army, and 
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each fluid dispenser is spaced an appropriate distance apart from an 
2-fluiddispensertoaI^ 

placed underneath the fluid dispensers. 

5 7. T he fluid dispensing system of claim 6, wherein the line of wells of 

themulawellplateisarowofwells. or wells of 

8. Thefiuid dispensing system of claim 6, wherein the line of wells of 
the multiwell plate is a column of wells. 

10 d,W 9 ' ^^^^^ofclaime, wherein the adjacent 

10 dispensers are spaced 144 mm, 72 mm 36 mm 1 « mm o 

, • ^ ^.^o mm, 18 mm, 9 mm, 4.5 mm, 2.25 mm or 

less apart from one another. 

10. The fluid dispensing system of claim 6, wherein the adjacent 
dispensers are spaced an appropriate distance apart to allow the adjacent fluid 
dispensers to simultaneously dispense a fluid into adjacent wells of a 96-well plate 



inH.H u Th6flUid * SPenS ^^^ 

12. The fluid dispensing system of claim 10, wherein the line of wells 

20 com^ 

14. The fluid dispensing system of claim 6, wherein the linear array 
comprises at least 17 fluid dispensers. 

c™ • , ^ ^ diSPeDSinfi SySt6m ° fClaha 14 ' Wherein ^ear array 
composes at least 25 fluid dispensers. . 

co™ • m ^ ^ flUid diSPenSing SySt6m ° f Claim 15 ' Wherein W array 
compnses at least 33 fluid dispensers, y 
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17 Th.nuiddispensing.ystemofola.me.wterem.h^umb^of 

plate and x is a whole number greater than or equal to 2. 

18. Theflulddispensingsystemofcldmn.whereinxisselec.edfrom 

the group consisting of: 2, 3, 4, 5, 6, 7, 8, 9, and 10. 

19 Thefluiddispen.ingsystemofo^l.wheremeaohofurefluid 

dispensers comprises a solenoid valve or a piezodeCric valve. 

20. The fluid dispensing system of claim 1, further comprising one or 
more cleaning devices to clean the fluid dispensers. 

21 TKefluidaspensingsya.emofclaiml.whereinatleasla^fluid 
• . ,™nected to a fluid container that contains a first fluid and at 

a second fluid that differs from the first fluid. 

22. The fluid dispensing system of claim 21, wherein adjacent fluid 
15 dispensers dispense different fluids. 

23 Ttie fluid dispensing system of claim 21, wherein the first and 

solution, an organic solvent, and a cell suspension. - ^ - - 

94 The fluid dispensing system of claim 23, wherein: 

2 „ . , j- ^ thP nrrav is connected to a fluid 

at least a first fluid dispenser in the array is co 

container that contains water, . 

at least a second fluid dispenser in the array is connected to a fluid 

container that contains a salt solution; 
25 atle astamirdfluiddispenserinthearrayisconnectedtoafluid 

containerthatcontainsapolymersolution;and fluid 

at least a fourth fluid dispenser m the array is connecte 
container that contains an organic solvent. 
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25. The fluid dispensing system of claim 24, wherein- 

the salt solution comprises one or more component selected from the 

group consisting of cacodylic acid CHES HPPpq ^ , 
. . . y v^xIeo, HEPES, citnc acid, malonic acid, MBS 

phosphoric acid, acetic acid, and a salt thereof; 

thepolymersolutioncomprisesoneormorecomponentselectedfrom 

the ° rganiCSOlventcom P-esoneormorecomponentselecte^ 
MPD.ethanoI.andisopropanol. 

26. The fluid dispensing system of claim 25, wherein each of the 
components is contained in at least one fluid container which is connected toafluid 
dispenser in the array. 

15 di<5 . 2? ' ^ fluiddis P ensin §^tem of claim 1, wherein the array of fluid 

dispense. . CO nflgured so that the fluid dispensers can deliver fluid to at leal th^ 
multi-well plates at the same time. 

28. T hefluiddispensingsy S temofcIaim27,whereinthearrayoffluid 
2-rsi^ 

multi-well plates at the same time. 

20 

fluid dispensers comprises: _ me 

Md ^ ^ ^ ° ne ^ C ° nduit in fl *<* communication with a fluid source; 

25 flui dthr h f i* 163 * 0 " 6 ^^ 

fluidthroughmefluidconduitfrommefluidsourcetomewellsof^ 

comprisesafl^ 

31. The fluid dispensing system of claim 29, wherein the pump 
compnses a peristaltic pump or a syringe pump. 
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32 The fluid dispensing system of claim 1, further comprising a 

m0 ving element ma^^ 

axis of the array of fluid dispensers. 

33. The fluid dispensing system of claim 32, wherein the moving 
5 element comprises a conveyor belt. 

34 The fluid dispensing system of claim 32, wherein the moving 
' element hasalengmof^^ 
multiwell plates. 

35. The fluid dispensing system of claim 34, wherein n is a whole 
10 number selected from the group consisting of 2, 3, 4, 5, 6, 7, 8, 9, and 10. 

36 The fluid dispensing system of claim 32, wherein the array of fluid 
dispensers compriaes a support struck that is operahly connected to a drive 
nanism that reversib.y moves the support structure in a direction perpenmcular to 
direction of movement of the moving element. 

37 The fluid dispensing system of claim 36, further comprising a 
controller that is operahl, connected to the fluid dispensers, the moving — 

fc drive mechanic which confer octrois at lens, fluid dispensahon from the fund 
dispenaers, moving element movement, and aupport structure movement. 

38 T^fMim!^^'!^^^^^^^^ 

20 compris ea system control logic which direct when fluid la dispensed from a given tad 
:^er,oa„e,,ofamulriwe,lp,atehaaedonapo, W ono f «hemu,dwe,,platemd,e 

system. 

39. The fluid dispensing system of claim 1, further comprising one or 

25 m0re ° f: agnpperapparamsthattrar.locates^ 
fluid dispensing system and other systems; 

a fluid aspiration/dispense system that aspirates fluids from the wells of 
the multiwell plates and dispenses fluids into the wells of the multiwell plates; 
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a test sample dispense system that dispenses aliquotsof test samples into 
the wells of the multiwell plates; and 

a multiwell plate sealing system that seals the wells of the multiwell 

plates. 

40. The fluid dispensing system of claim 39, wherein the test samples 
comprise polypeptide samples. 

41. The fluid dispensing system of claim 37, wherein the controller 
comprises at least one logic device and at least one database. 

42 ' The fluid dis P ensi "S system of claim 41, wherein the logic device 
comprises one or more logic instructions that direct the fluid dispensing system to: 

move the moving element a selected distance; 

move the support structure a selected distance; and 

dispense selected volumes of fluids from selected fluid dispensers into 
selected wells of the multiwell plates. 
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43. The fluid dispensing system of claim 42, wherein the lo*ic 
instructions direct the fluid dispensing system to: 

(a) sequentially position each well of two or more multiwell plates 
underneath each of the fluid dispensers; and 

(b) dispense selected volumes of fluid from selected fluid dispensers into 
selected wells of the multiwell plates when the selected fluid dispensers are positioned 
above the selected wells, thereby simultaneously pricing multiple fluid mixtures in 
two or more multiwell plates. 

44. The fluid dispensing system of claim 42, wherein the logic 
instructions direct the fluid dispensing system to: 

position a first well of a first row of a multiwell plate under a first fluid 
dispenser; 

move the support structure sequentially across the entire first row of a 
multi-well plate, dispensing selected volumes of a first fluid from the first fluid 
dispenser into one or more selected wells in the first row when the first fluid dispenser 
10 is positioned above the selected well; 

36 
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S e qu enually advance the moving element to position a firs. weU of a 
^^ofalMwen^unoerthe^fln^spenserand^^wenoftne 

tat tow under a second fluid dispenser, and md second 

m ove the support structure sequential across the enure tat and second 

5 rows dta^.^^-^^^""^*"" 

— :~:iri.d 

* second fluid dispenser into one or more selected wei 
fluid dispenser is positioned above the selected well. 

rtf ^inim 47 wherein the database 
45. The fluid dispensing system of claim 4/,wner 

comprises information about: 

fluids in fluid containers ft* are in fluid cornmurncahon wtth tire flutd 

diSPCTSeK; se.ec.eo weUs into which a se.ec.eti fluid tiispenser is to dispense a 

se.ec.ed vdurues of the selected fluids ttra. are to he dispensed into each 



and 

selected well 
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46. Amethodofsimmtaneous^ 

multiple multiwell plates, the method comprising: 

(a) providing a fluid dispensing system that compnses an array of fluid 
1 - ~ - "7", at 1east flu id dispensers that are spaced at 

dispensers, wherein the array compnses at least twojui P 

„ p,aced heneath tite array of fluid dispense; 

(b) sequentially positioning each wehottnemu p 

underneath each of the fluid dispensers; and 

(c) dispensing selected volumes of fluid from selected ilui p 

fluid mixtures in multiple multiwell plates. 
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47. ^™*odofcIaim4 6 ,whe rei „a tl ea S ta& stfluiddispenserin 
~ nd flu, <u SpenS6r in „. ^ . (o ^ ieaa a 

conrarn, a, leas, a second fluid tha, differs from fte first fluid . 

48. The method of claim 47, wherein at least two different fluids are 
drspensed inro each selected wefl of the multiwell plates. 

sohrrionand t mMh0d ° fClaim47 ' WiMrein ^ h «^ container holds a stock 
so.ur.on and each select wel, receives fluid from a p.uralirv of fluid conralners. 

inde h , ^^""'^^^"^tetandsecondfluidsare 

~ r ve : a sa * so,ution ' a po,ymer s ° iution - - ■ - ^ 

solvent, and a cell suspension. 

51. The method of claim 50, wherein: 

atleaSta&stfl ^dispen S erinthearrayisconnectedto afl uid 
container that contains water; 

atleaStaSeCOndfl - d ^Penserin ft earrayisconnectedtoa 
container that contains a salt solution; 

^ atleaStatodfl ^^Penserinthearrayisconnectedtoa fl uid 
container that contains a polymer solution; and 

at least a fourth fluid disnencm- 

Q ais P ense r m the array is connected to a fluid 

container that contains an organic solvent. 

52 - The method of claim 51, wherein: 

tteSaltSOlutioncom P ris -oneormorecomponentselectedfromthe 
group consisting of cacodylic acid, CHES HEPES r.t™ a a . • 
- . . v-raco, xiUFliJi, citnc acid, malonic acid, MES 

phosphonc acid, acetic acid, and a salt thereof; 

the c 0 ■ the P ° lymer SOlUti ° n C ° mpriSeS ° ne or more component selected from 

the group consisting of glycerol, ethylene glycol fom,^ • , 

glycol; and De glycol > fonn ate, spermine, and polyethylene 
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the organic so.ven, comprises - or more component selecmd from the 

^pconsiadngon^pmp^^^ 
MPD, ethanol, and isopropanol. 

53 mmomoaofoiaim^wheretathearrayoomprisesaptealtyof 

are placed beneath the array of fluid dispensers. 

54. The method of claim 46, wherein the array comprises a linear array 

10 taWhi ° h: ^Uneararmycompflsesannmheroffluiddispensersfl.tis^ 
toflK num b erofwe,l S inahneofweflsofasin.emu W weUp.a te ,whe re .nn,ehne 

placed underneath the fluid dispensers. 

55. ThemedtodofclaimS^whereinthelineofwensofthemnmweU 

plate is a row of wells. 

5 6,.m^odofc 1 a i m54,whe K m tt «U.eo f « 11 sof to mu It iwe n 

plate is a column of wells. — 

57 The method o, claim 54, wherein the numher o, fluid dispensers is 
^menumherofweflsindtehneofweflsofmemn.UweUp.teand.tsawhoie 

number greater than or equal to 2. 
25 58. ThememodofdarmSV.whereinxiasele^flommegroup 

consisting of: 3, 4, 5, 6, 7, 8, 9, and 10. 

59. Theme m odofcla te t46,whemmeachofmemu.«iwe.lpla K s 

comprises 6, 12, 24,48, 96, 384, 1536, or mom wells. 
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60. The method of claim 46, wherein the selected volumes comonV 
between about 1 nl and about 500 pi. ^ 

comp^J^ 

. ^ ^ a, o, /, 8, 9, 10, or more mixed fluids. 

— ===== r 

crystalhzafcon platform elevated above the reagent reservoir. 



0 



micro-bridge. 



64. The method of Cain, 63, wherein the crystallization platform „ , 



65. Tie method of claim 63, further comprising- 
»^tam. Wdlta , tal 
processed multiwel, p,a,e wi,h an aspiration/dispense system- 

Platform of ,„ 30 of * ~ onto «he crystallization 

Platform of the selected well with a sample dispensing system- 

mature >s placed m contact with the aliquot of the test sample- 

©repeating (d, through © for additional testes, if any, and 

system, the tea, aampie dtaZ^ ™ ^ "•*—«*— 
system™,* - P ^ PCnSmg dTO< * >»*>"■ **<> the mulriwell plate sealing 
system wrth a gnpper apparatus. 

67. The method of claim 66, wherein (d) through (h) are comm ,„ 
without havino th<* ^ n W are completed 

mow having the gnpper apparatus release the multiwell plate. 
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68. The method of claim 66, wherein (d) through (h) are completed in , 

one minute or less. 

69 The method of claim 65, wherein the fluid mixtures comprise 

crystallization mother liquor solutions and the test samples comprise molecules to be 
crystallized. 

70 The method of claim 69, further comprising: 
©storing the processed multiwell plate of (h) under conditions suitable 

for test sample crystals to form in the wells; and 

0) detecting the test sample crystals formed in the wells. 

71. The method of claim 69, wherein the molecules comprise 
macromolecules. 

72. The method of claim 71, wherein the test samples further comprise 
a molecule that can form a complex with the macromolecule. 

73. The method of claim 69, wherein the molecules comprise 

15 polypeptides. 

74 The method of claim 69, wherein a total combined volume of the 

test sample and the crystallization mother liquor solution dispensed on the 
crystallization platform in the selected well is less than 10 ul. 

75 The method of claim 74, wherein the total combined volume of the 
20 testsampleandmecrys^^^ 

crystallization platform is less than 1 ul. 

76 The method of claim 75, wherein the total combined volume of the 
test sample and the crystallization mother liquor solution dispensed on the 
crystallization platform is less than 750 nl. 

25 77 The method of claim 76, wherein the total combined volume of the 

test sample and the crystallization mother liquor solution dispensed on the 
crystallization platform is less than 500 nl. 
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78. The method of claim 77, wherein the total combined volume of the 
test sample and the crystallization mother liquor solution dispensed on the 
crystallization platform is less than 250 nl. 

79 ' ^ meth0d of claim 77 > wherein the total combined volume of the 
test sample and the crystaUization mother liquor solution dispensed on the 
crystallization platform is between 1 nl and 250 nl. 

80. The method of claim 69, wherein (f) comprises dicing the 
selected volume of the crystallization mother liquor solution as a plurality of separate 
subvolumes that are placed in contact with the test sample on the crvstaUtzaion 

10 platform. 

81. The method of claim 80, further comprising agitating the processed 
multtwen p.ate of (f) after a, leas, one set of the separate subvolumes is dispense such 
that the tes, samples mi fte c ^ m ^ eo mother ^ ^ wi(h 



other. 
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82. The method of claim 80, wherein the selected volumes are 
dispensed as between about two and about 10 separate subvolumes. 

83. An apparatus for preparing fluid mixtures in a plurality of multi- 
well vessels, each of the multi-well vessels having a plurality of wells, the apparatus 
comprising: 

3 mUlti " We11 Vessel movin S apparatus configured to receive and move 
the plurality of multi-well vessels in a first directionT 

a plurality of tubes, each tube configured to dispense a fluid into 
mdrvidual wells of the multi-well vessels, where the tubes have a footprint in the 
column direction, where each of the multi-well vessels has a footprint in the column 
du-ectzon, where the footprint of the tubes in the column direction is longer than the 
footpnnt of any single one of the multi-well vessels in the column direction; 

a tube mover configured to move the plurality of tubes in a second 

direction; and 

a controller communicating with the vessel moving apparatus, the 

plurality of tubes and the tube mover the coni-ml^r nrr,^™-,^ * 

"wver, me controller programmed to selectively move 

42 
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the multi-well vessels and the ntbe move, and dispense fluid into individual wefls of the 

multi-well vessels. 

84 An apparatus for preparing fluid mixtures, comprising: 

a vessel receiving area constructed to hold a plurality of vessels, with 

each vessel configured to hold a fluid mixture; 

a plurality of dispensers, each dispenser configured to dispense a 
detenninedquantityofafluidinto one of the vessels; 

footprint in the column direction, where each of the mulu-well vessels has a footpnnt m 
the column direction, where the footprint of the dispensers in the column drrecUon rs 
longer than the footprint of any single one of the multi-well vessels in the column 

direCd0n; amoverconfiguredtopositionaselectedoneofthedispensersdirectly 

above a selected one of the vessels; and 

a controller communicating with the mover and the dispensers, the 
controller configured to conttol the positioning of the mover and to control the 
dispensing of the fluid. 

85 A system for preparing mother liquors in multi-well sample plates 
for a protein crystalbzation screen, the mother liquor being a mixture of stock liqutda, 

the system comprising: 

a plurality of fluid dispensers arranged in an array, at leas, two of fire 
fluid dispensers dispensing different stock liquids, where the fluid dispensers have a 
footprint in thecohtmn direction, where each o, themuM-well vessels has a footpnnt 
the Lumn direction, where fire footprint of the fluid dispensers in the column dtrechon 
is .onger than the foolprint of any single one o, the mulu-weU vessels in the column 



25 direction; 



30 



direction; . x , 

a drive mechanism constructed to position fluid dispensers m the array 

dteetly over wefls in the sample plates, the sampfe plates having sample wells arranged 

in rows and columns; and 

a processor performing the steps of : 

receiving instruction on the formulation of each mother hquorm 

each sample well, the formulation being a combination of the stock 

liquids; 
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calculating the quantity of each stock liquid to be dispensed into 
each sample well; 

moving the fluid dispenser array to a new row position; 
directing the drive mechanism to position the fluid dispenser 
array directly above a new column of sample wells; 

identifying which positioned fluid dispensers have a stock liquid 
required for the formulation in the sample well associated with each 
positioned fluid dispenser; 

dispensing, with the identified fluid dispensers, the calculated 
quantity of stock liquid into each respective sample well; and 

repeating the moving, directing, identifying, and dispensing steps 
until all instructed formulations are complete. 

86. A system for efficiently preparing mother liquors in a plurality of 
mum-well sample plates for a protein crystallization screen, the plurality of sample 
Plates arranged with corresponding columns aligned, the system comprising: 

a plate arranging area configured to receive the plurality of sample 

a plurality of fluid containers, each fluid container holding a stock 

a plurality of fluid dispensers arranged in an array, each fluid dispenser 
bemg m fluid communication with an associated one of the fluid containers, where the 
fluid dispensers have a footprint in the column direction, where each of the multi-well 
vessels has a footprint in the column direction, wherlTthe footprint of the fluid 
dispensers in the column direction is longer than the footprint of each of the multi-well 
vessels in the column direction; 

a drive mechanism constructed to sequentially position the fluid 
dispenser, in the array directly over each column of wells in the sample plates; 

a dispensing mechanism associated with each fluid dispenser; and 
a fluid controller communicating to the dispensing mechanism; 

wherein the fluid controller directs the dispensing mechanisms to deliver 
a quantity of each associated mother liquor into each sample well in a column before 
the drive mechanism moves the fluid dispenser array to a next column. 



plates; 
solution; 
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87 The system of claim 86, wherein the plurality of fluid dispensers 
are configured so ma. atleast two sample plate, can he beneath the plurality of flu-d 
dispensers at the same time. 

88 The system of claim 86, wherein the plurality of fluid dispensers 
„ configured so the. a. leas, three sample pla.es can he beneath me pmralUy of fluid 
dispensers at the same time. 

89 The system of claim 86, wherein the plurality of fluid dispensers 
sreconfignredsomatatleastfoursampleplateacanheheoeathmepluraliryofflmd 

dispensers at the same time. 

90 The system of claim 86, wherein me plurality of fluid dispensers 
are configured so mat me dispensing mechanisms can deliver the material to a, leas, 
two sample plates at the same time. 

91 Thesystemofclaim86,whereinthe P luralityoffluiddispensers 
am configured so that the dispensing mechanisms can deUver the material to at least 
three sample plates at the same time. 

92 The system of claim 86, wherein the plurality of fluid dispensers 
' are configured so that the dispensing mechanisms can deliver the material to at least 

four sample plates at the same time. 

93 The system of claim 86, wherein the plurality of fluid dispensers 
are configured so that all of the dispensing mechanic can deliver the material at the 
same time. 

04 The system of claim 86, wherein the system includes a moving 
element .ha, has a lengd, o, a. leas, n of the sampfe plates, whemin n is me number o, 
ft. sample pl*es, wherein each of me sample pla.es has m wells, wherem m rs the 
, nnmberofwells.wheremmesysmmprocessesoneofmesamplepla^everym 

dispensings eve, though each of the aample pla.es is in me system for n hmes » 

dispensings. 
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95. The system of claim 94, wherein the moving element has a len-th 
of at least two sample plates, wherein each sample plate has 96 wells. 

96. The system of claim 94, wherein the moving element has a length 
of at least three sample plates, wherein each sample plate has 96 wells. 

5 97. The system of claim 94, wherein the moving element has a length 

• of at least four sample plates, wherein each sample plate has 96 wells. 

98. The system of claim 86, wherein the fluid controller directs the 
delivery of the material from each fluid container to each of the sample plates. 

99. The system of claim 98, wherein the dispenser controller directs 

medeliveryofmematerialfromeachofatleasteightfluidcontainerstoeachofat 
least two multi-well plates. 

100. A method for automatically preparing a mixture in a well of multi- 
well holder, said method comprising the steps of: 

moving the multi-well holder so that at least one of the wells is 
positioned below a fluid dispensing device, where each of the fluid dispensing devices 
have a footprint in the column direction, where each of a plurality of multi-well holders 
has a footprint in the column direction, where the footprint of the fluid dispensing 
devxces in the column direction is longer than the footprint of any single one of die 
multi-well holders in the column direction; 

dispensing fluid from the fluid dispensing device into the well; and 
repeatedly moving the multi-well holders so that the well is positioned 
below a next fluid dispensing device and dispensing fluid from the next fluid 
dispensing device into the well until a predetermined mixture is prepared. 

101. A method of preparing mother liquors in multi-well sample plates 
each of the multi-well sample plates having an array of sample wells organized in rows 
and columns, with a predetermined number of sample wells in a column, the method 
comprising; 

positioning the sample plates end to end so that corresponding columns 
of adjacent sample plates align; 
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arranging a plurality of fluid dispensers into a generally linear array of 
fluid dispensers arranged in a column direction, where each of the fluid dispensers have 
a footprint in the column direction, where each of the sample plates has a footpnnt » 
the column direction, where the footprint of the fluid dispensers in the column directum 

positioning at least some of the fluid dispensers in the array of fluid 
dispensers with reference to a first column of sample wells; 

dispensing a predetermined volume of a material into selected sample 
wells in the first column from at least some of the fluid dispensers; 

moving the array of fluid dispensers in a row direction so that at least 
some fluid dispensers in the array of fluid dispensers are positioned with reference to a 

second column of sample wells; and 

dispensing a predetermined volume of a material into selected sample 

wells in the second column from at least some of the fluid dispensers. 

102 The method of preparing mother liquors according to claim 101. 
wherein each fluid dispenser has an associated material, and all fluid dispensers in the 
array of fluid dispensers dispense an associated liquid substantially simultaneously » 
both the first and second dispensing steps. 

103. The method of preparing mother liquors according to claim 102, 
wherein the first and second columns span a plurality of the sample plates. 

-104 The method Of prepMnrmo^ 

furtherinclu^ r 
dispense a volume of liquid into selected sample wells until at least one fluid dispenser 

has been positioned directly above each of the sample wells in a row. 

105. The method of preparing mother liquors according to claim 101, 

further including the steps of: 

advancing the plurality of sample plates to a next row position; and 
moving the array of fluid dispensers and dispensing a volume of liquid 
into selected sample wells while the sample plates are positioned in the next row 
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106. The method of preparing mother liquors according to claim 101 
further including the step of dispensing different liquids from adjacent fluid dispensers 
m the array of fluid dispensers. 

107. The method of claim 101, wherein the plurality of fluid dispensers 
are configured so that at least two multi-well holders can be beneath the plurality of 
fluid dispensers at the same time. 

108. The method of claim 101, wherein the plurality of fluid dispensers 
are configured so that at least three multi-well holders can be beneath the plurality of 
fluid dispensers at the same time. 

109. The method of claim 101, wherein the plurality of fluid dispensers 
are configured so that at least four multi-well holders can be beneath the plurality of 
fluid dispensers at the same time. 

110. The method of claim 101, wherein the plurality of fluid dispensers 
are configured so that the fluid dispensers can deliver the material to at least two multi- 
well holders at the same time. 

1 1 1- The method of claim 101, wherein the plurality of fluid dispensers 
are configured so that the fluid dispensers can deliver the material to at least three 
multi-well holders at the same time. 

112. The method of claim 101, wherein the plurality of fluid dispensers 
are configured so that the fluid dispensers can deliver the material to * least four multi- 
well holders at the same time. 

113. The method of claim 101, wherein the plurality of fluid dispensers 
are configured so that all of the fluid dispensers can deliver the material at the same 
time. 

1 14. The method of claim 101, wherein the sample plates are on a 
moving element that has a length of at least n of the sample plates, wherein n is the 
number of the multi-well plates, wherein each of the multi-well plates has m wells 
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wherein m is the number of wells, wherein the method processes one of the multi-well 
plates every m dispensings even though the method involves n times m dispensings. 

1 15. The method of claim 1 14, wherein the sample plates are on a 
moving element that has a length of at least two multi-well plates, wherein each multi- 

5 well plate has 96 wells. 

116. The method of claim 114, wherein the sample plates are on a 

* moving element that has a length of at least three multi-well plates, wherein each multi- 
well plate has 96 wells. 

117. The method of claim 114, wherein the sample plates are on a 

10 moving element that has a length of at least four multi-well plates, wherein each multi- 
well plate has 96 wells. 

118. The method of claim 101, wherein a controller directs the delivery 
of the material from one or more fluid containers to each of the sample plates. 

1 19 The method of claim 1 18, wherein the controller directs the 
15 delivery of the n^aJiW^"^ to each ° f * leaSt 
two multi-well plates. 

120. The method of claim 118, wherein the controller directs the 
delivery of the material from each of at least eight fluid containers to each of at least 
three multi-well plates. 

121. The method of claim 118, wherein the controller directs the 
delivery of the material from each of at least eight fluid containers to each of at least 
four multi-well plates. 
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DETERMINE A COMBINATION OF FLUIDS 
TO BE DISPENSED INTO A VESSEL WELL 



ASSIGN EACH OF THE FLUIDS IN THE 
COMBINATION TO A RESPECTIVE 

DISPENSER 



MOVE THE VESSEL WELL TO ONE OF THE 
DISPENSERS 



200 



205 



210 



DISPENSE VOLUME OF FLUID FROM 
ALIGNED DISPENSER IF FLUID IS SELECTED 



215 




END 
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0.02 M Calcium Chloride dihydrate 
0.2 M tri-Sodium Citrate dihydrate 
0.2 M Magnesium Chloride hexahydrate 
02 M tri-Sodium Citrate dihydrate 
02 M Ammonium Acetate 
02 M Ammonium Acetate 
0.2 M Magnesium Chloride hexahydrate 
0.2 M tri-Sodium Citrate dihydrate 
02 M Calcium Chloride dihydrate 
02 M Ammonium Sulfate 
0.2 M Lithium Sulfate monohydrate 

0.2 M Magnesium Acetate tetrc ' 

02 M Ammonium Acetate 

0.2 M Ammonium Sulfate 

02 M Magnesium Acetate tetrahydrate 

02 M Sodium Acetate trihydrate 

02 M Magnesium chloride hexahydrate 

02 M Calcium Chloride dihydrate 

02 M Ammonium Acetate 

02 M tri-Sodium Citrate dihydrate 

02 M Sodium Acetate trihydrate 

02 M Ammonium Sulfate 

02 M Ammonium Sulfate 

0.05 M mono-Potassium dihydrogen Phosphate 

02 M Zinc Acetate dihydrate 
02 M Calcium Acetate hydrate 
1.0 M Lithium Sulfate monohydrate 
0.5 M Lithium Sulfate monohydrate 



Buffer 

0.1 M Sodium Acetate trihydrate pH 4.6 

0.1 M Tris Hydrochloride pH 8.5 

0.1 M HEPES -NapH 7.5 

0.1 M Tris Hydrochloride pH 8.5 

0.1 M Sodium Cacodylate pH 6.5 

0.1 M Sodium Cacodylate pH 6.5 

0.1 M tri-Sodium Citrate dihydrate pH 5.6 

0 1 M Sodium Acetate trihydrate pH 4.6 

0.1 M tri-Sodium Citrate dihydrate pH 5.6 

0.1MHEPES-NapH7.5 

0.1 M Tris Hydrochloride pH 8.5 

0.1 M HEPES -NapH 7.5 

0.1 M Sodium Cacodylate pH 6.5 

0.1 M HEPES -NapH 7.5 

0.1 M Tris Hydrochloride pH 8.5 

0.1 M Sodium Cacodylate pH 6.5 

0.1 M Tris Hydrochloride pH 8.5 

0.1 M Sodium Acetate trihydrate pH 4.6 

0.1 M Sodium Cacodylate pH 6.5 

0.1 M Tris Hydrochloride pH 8.5 

0.lMHEPES-NapH7.5 

0.1 M Sodium Acetate trihydrate pH 4.6 

0.1 M Imidazole pH 6.5 

0.1 M tri-Sodium Citrate dihydrate pH 5.6 

0.1 M HEPES - Na pH 74^ ^ * <J 

l4lM#EgWrW.55 
0.1 M Sodium Acetate trihydrate pH 4.6 
0.1 M HEPES -NapH 7.5 
.0.1 M Tris Hydrochloride pH 8.5 
0 1 M Sodium Acetate trihydrate pH 4.6 
0.1 M HEPES -NapH 7.5 
0.1 M HEPES -NapH 7.5 
0.1 M tri-Sodium Citrate dihydrate pH 5.6 
0.1 M HEPES -NapH 7.5 
0.1 M Sodium Cacodylate pH 6.5 
0.1 M Sodium Cacodylate pH 6.5 
0 1 M Sodium Acetate trihydrate pH 4.6 
0.1 M Tris Hydrochloride pH 8.5 



30% v/v 2-Methyl-2,4-pentanediol 
0.4 M Potassium Sodium Tartrate tetrahydrate 
0.4 M mono-Ammonium dihydrogen Phosphate 
2.0 M Ammonium Sulfate 
30% v/v 2-Methyl-2,4-pentanediol 
30% w/v Polyethylene Glycol 4000 
1 .4 M Sodium Acetate trihydrate 
30% v/v iso-Propanol 
30% w/v Polyethylene Glycol 4000 
30% w/v Polyethylene Glycol 4000 
1.0 M mono-Ammonium dihydrogen Phosphate 
30% v/v iso-Propanol 
30% v/v Polyethylene Glycol 400 
28% v/v Polyethylene Glycol 400 
30% w/v Polyethylene Glycol 8000 
1.5 M Lithium Sulfate monohydrate 
30% Polyethylene Glycol 4000 
20% Polyethylene Glycol 8000 
30% v/v iso-Propanol 
25% w/v Polyethylene Glycol 4000 
. 30% v/v 2-Methyl-2,4-pentanediol 
30% w/v Polyethylene Glycol 4000 
30% v/v Polyethylene Glycol 400 
20%v/viso-Propano 
^djOJ^hSodiuml Acetate trihydrate 
€m% V/v 2-Methyl-2,4-pentanediol 
20% v/v iso-Propanol 
30% w/v Polyethylene Glycol 8000 
0.8 M Potassium Sodium Tartrate tetrahydrate 
30% w/v Polyethylene Glycol 8000 
30% w/v Polyethylene Glycol 4000 
2.0 M Ammonium Sulfate 
4.0 M Sodium Formate 
2.0 M Sodium Formate 
08 M mono-Sodium dihydrogen phosphate 
0.8 M mono-Potassium dihydrogen phosphate 
8% w/v Polyethylene Glycol 8000 
8% w/v Polyethylene Glycol 4000 
1 .4 M tri-Sodium Citrate dihydrate 
2% v/v Polyethylene-Glycol 400, 2.0 M Ammonium Sulfate 
20% v/v iso-Propanol, 20% w/v Polyethytene Oyco 4000 
10% v/v iso-Propanol, 20% w/v Polyethylene Glycol 4000 
20% w/v Polyethytene Glycol 8000 
30% w/v Polyethylene Glycol 1500 
02 M Magnesium Formate 
18% w/v Polyethytene Glycol 8000 
18% w/v Polyethylene Glycol 8000 
2.0 M Ammonium Sulfate 
2.0 M mono-Ammonium dihydrogen Phosphate 
2% w/v Polyethylene Glycol 8000 
1 5% w/v Polyethylene Glycol 8000 
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